Parasympathetic function can be assessed by the deep breathing test (DB) as a simple and reproducible cardiovascular reflex. The aim of this study is to use this test to compare the vagal response of a young footballers group to of age-matched untrained normal subjects. Deep breathing test was performed in 2 groups: one of 20 adult young footballers (average age of 19.3 ± 0.6 years), and a second age-matched group of 20 untrained subjects (average age of 19.6 ± 0.6 years). Subjects underwent the DB test after 30 min resting in supine position, and responses were expressed as a percentage of variation of heart rate during the stimulation. Student's t-test was used to evaluate statistical differences among the two groups for all parameters (vagal response, heart rate, VO 2max .…) and considering p < 0.05 as a significant difference. The results showed that vagal response to deep breathing test was significantly higher in the young footballers when compared to the untrained controls (72.6% ± 16.2% vs 55.0% ± 12.8%, respectively, p = 0.03). The basal heart rate was significantly lower in footballers than in the controls group (52.1 ± 7.4 bat/min vs 69.8 ± 14.3 bat/min, p < 0.01). The use of the simple test of deep breathing allowed us to demonstrate that adult young footballers have a significantly lower basal HR and higher parasympathetic response in comparison to untrained subjects.
INTRODUCTION
The benefit of physical exercise in controlling cardiovascular risk factors is well established [1, 2] and therefore cardiologists widely recommend regular exercise to improve cardiovascular health. It appears important to understand the effects of physical exercise on human physicology. Such studies may help elucidate the fascinating but poorly understood phenomenon of sudden cardiac death in some forms of sport.
Many studies showed that, in the conscious animal model for sudden cardiac death [3] , electrical vagal stimulation markedly reduced the incidence of ventricular fibrillation in a high risk subgroup, whereas muscarinic blockade increased malignant arrhythmias in low risk animals. Furthermore, depressed parasympathetic tone is associated with an increased risk of sudden cardiac death since alterations in the neural control of cardiac function contribute to the risk of sudden death. It appears that high vagal response in sport can be harmful and should be assessed thoroughly.
Aerobic training has been suggested to protect the heart against harmful cardiac events by increasing cardiac vagal modulation of heart rate (HR) and also by decreasing sympathetic outflow [4] . It appears that chronic aerobic training alters the autonomic cardiac profile towards parasympathetic predominance, by increased vagal modulation of HR and also, as suggested, by decreased sympathetic activity [5, 6] . These changes in autonomic cardiac profile can be studied non-invasively using a HR variability technique [5, 6] or by invasively measuring sympathetic activity from the peroneal nerve with a microneurography technique [7] .
The most common noninvasive techniques used to assess cardiac autonomic changes are the time and frequency domain indices of heart rate variability (HRV) and are associated with short-term and long-term endurance exercise training in both leisure sports activity and highperformance training. However, a simpler technique as the deep breathing (DB) test can be used to evaluate the respiratory sinus arrhythmia (RSA) which is accepted as an index of cardiac vagal function.
The aim of this study is to use the DB test to compare the vagal autonomic response of well-trained footballers in comparison to age-matched untrained normal subjects.
MATERIALS AND METHODS

Subjects
We included 20 male footballers (mean age of 19.3 ± 0.6 years) who had practiced sport activity on average for more than three years (some of them up to 6 years), and 20 untrained male controls matching them in age.
This human study was approved by the appropriate ethics committee, and all the participants gave their written informed consent prior to their inclusion in the study. Also we have conducted our research ethically according to international standards and as required by the journal and as descibbed by D. J. Harriss and G. Atkinsson [8] .
After having their medical history (family, personal and cardiological) carefully recorded, each participant underwent measurement of body mass and height, blood pressure, and heart rate.
Before administrating the maximal oxygen uptake and deep breathing tests, clinical examinations were performed by a recording of 12-lead ECG and echocardiography imaging, to test that all subjects are normal.
Maximal Oxygen Uptake: VO 2max
Maximal oxygen uptake (VO 2max ) was measured in all subjects. VO 2max measurement is generally considered as the best indicator of an athlete's cardiovascular fitness and aerobic endurance. In our case, VO 2max was obtained from a maximal treadmill test using ergometer cosmed K4 and it is expressed as milliliters of oxygen used in one minute per kilogram of body weight.
Deep Breathing Test Practice
Deep breathing test was conducted on subjects under no medication in the "service of cardiology A" of the Rabat University Hospital Center Ibn Sina.
Subjects were initially placed in a calm environment in resting conditions. The monitoring of the heart rate (HR) was carried out using a screen (LCD CS 503 E; HEL-LIGE, EK 512 E).
The DB test evaluated the autonomic function by measuring the modifications of HR in response to a controlled breathing [9] . During the test of DB, the subjects were asked to breathe at the frequency of 6 breathings per minute. The HR was measured by the determination of the interval RR between two adjacent complexes QRS of the EKG, while taking care to exclude from the analysis any aberrant answer like the extra systoles. The vagal response to the DB is calculated using the following equation:
  maxi mini min DB= RR RR RR 100       as previously described in reference [10] with RR min obtained at the end of expiration and RR max obtained at the end of inspiration.
Statistical Analysis
The quantitative variables were expressed as mean ± SE and the qualitative variables as manpower and percentages. For each of the parameters, Student's t-test for independent observations was used in order to evaluate statistical differences among the two groups with a p under 0.05 as an expression of significance.
RESULTS
Descriptive Parameters
This study included 2 groups, a first one of 20 male footballers practicing sport activity routinely for more than 3 years and a control group of 20, age matched, untrained males. Analysis of different parameters as shown in Table 1 , showed no significant differences between the two study groups for age, weight and height. VO 2max was measured in order to determine the subject's aerobic endurance. The footballer group showed a significantly higher maximal oxygen uptake (VO 2max of 62.6 ± 7.3 ml/min/Kg) when compared to the control group (VO 2max of 41.3 ± 7.4 ml/min/Kg) demonstrating that this group is well trained with higher endurance.
Basal Heart Rate and Blood Pressure
Blood pressure and the basal heart rate of the two groups were determined to assess heart function and absence of any cardiovascular dysfunction.
As expected, results showed that basal heart rate was significantly lower in footballers group when compared to control group (p < 0.01). However, there was no significant difference in blood pressure between the 2 groups ( Table 2) . Age (years), weight (Kg), height (cm) and maximal oxygen uptake; (VO 2max ) (ml/kg) values at control (C) and footballers (F).
Vagal Response
In order to evaluate the vagal response, we measured the modifications of HR in response to a controlled breathing. The results showed that vagal response to deep breathing test was significantly higher in the young footballers when compared to the untrained controls (72.6% ± 16.2% vs 55.0% ± 12.8%, respectively, p = 0.03) ( Table 2 , Figure  1 ). The use of the simple test of deep breathing allowed us to demonstrate that adult young footballers have a significantly lower basal HR and higher parasympathetic response in comparison to untrained subjects.
DISCUSSION
Our study is showing that the use of simple test such as the DB is useful to evaluate the vagal response and may indicate a risk condition for high profile athlete. Changes in heart rate during and recovery from exercise are mediated by the balance between sympathetic and vagal activity. Sympathetic hyperactivity favors the genesis of lifethreatening ventricular tachyarrhythmias whereas vagal activation usually exerts relatively protective and antifibrillatory effects [11] . Deep breathing test exhibited significantly higher vagal response in footballers subjects when compared to untrained ones. It seems that regular aerobic training is accompanied by significant reductions in heart rates both at rest and during submaximal exercise, reflect an increase in autonomic efferent activity and a shift in favor of enhanced vagal modulation of the cardiac rhythm [12] . Table 2 . Comparison of basal heart rate, blood pressure and vagal response. Endurance exercise training in healthy human subjects also leads to an increase of heart rate variability (HRV), suggesting increases in vagal tone [13] . It may have beneficial effects on cardiac autonomic activity. In fact, it has been demonstrated that both endurance and team playing athletic activity induce a high parasympathetic tone, suggesting that this type of sports discipline may have a more substantially favorable effect on the cardiac autonomic profile [14] . Furthermore, in the study of the impact of vigorous physical activity on the vagal modulation in young adults, Soares-Miranda L. and Coll. 2009 [15] showed that vagal modulation is enhanced with high levels of physical activity and that it is the number of bouts of vigorous physical activity that is most closely associated with cardiac autonomic nervous system funtion [15, 16] .
At rest, parasympathetic effects on cardiac electrophysiology have been described in animal [17] and human subjects [18] . The potential mechanism for the protective effect of parasympathetic tone is related to its direct effects on cardiac electrophysiology [19] .
Many factors might predispose young athletes to sudden death during sports play as atrial fibrillation which is the most common arrhythmia and has a great impact in morbidity and mortality [20] .
As the vagal response increases with sports training, it should probably be dangerous for healthy asymptomatic subjects with spontaneous sinus bradycardia, due to an increase in vagal drive, to practice vigourous training which will enhance their bradycardia and their vagal response to a fatal threshold. Beside the already and justifiable cardiovascular screening with electrocardiography to prevent the risk of sudden cardiac death in young competitive athletes [21] [22] [23] , we propose the use of deep breathing test, indeed. This test appears to be an easy tool to investigate vagal function integrity in future elite athlete, or before enrolling subjects into an intense training program. However more studies are needed to elucidate the mechanism by which the vagal response is associated to athlete sudden death.
CONCLUSION
Our study showed that the vagal response was significantly higher in well-trained footballers. However, to characterize the high vagal response, this study would need to be extended to larger groups including older subjects and athlete with longer period of intensive training. These studies need, also, to address the question to which extends this response can switch from being beneficial to a harmful condition particularly for athlete with a very high vagal response leading to increase risks of a sudden cardiac death.
